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Wall flower: Safflower (Carthamus tinctorius) is 
a domesticated crop that could be used more 
widely, as some authors have argued. (Image: 
Wikimedia Commons.)large-scale project to convert the rice 
plant to the C4 mechanism. Around 
a dozen genes are required for the 
process, a few of which have already 
been transferred to the rice plant. The 
bigger challenge, however, lies in the 
fact that the anatomy of the leaves 
has to be adapted to keep the initial 
carbon fixation reaction separated 
from the RuBisCO reaction. This 
might still take a while. Similarly, other 
research groups are pursuing other 
ways of turbo-charging the rice plant. 
Current projects include attempts to 
make its nitrogen metabolism more 
effective, to persuade it to engage 
in symbiosis with nitrogen-fixing 
bacteria, or to deliver nutrients of 
strategic importance for world health, 
such as vitamin A.
Feed future generations
Humans have cultivated plants 
for millennia, but as the examples 
show, there is still a lot of scope 
for improvement. A better scientific 
understanding of the ecology, 
evolution, genetics and physiology 
of the plants we eat, of their wild 
relatives, and of the weeds we may 
want to keep away from our fields can 
ultimately help farmers to produce 
more food with fewer agrochemicals, 
and less damage to the environment. 
Plant scientists and practitioners 
need to work together on this grand 
project to ensure that the projected 
nine billion people that will populate 
our planet in 2050 will still have 
sustainable ways to produce sufficient 
food. 
Michael Gross is a science writer based at 
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Takashi Yoshimura received his BS 
and PhD from Nagoya University. 
Currently, he is a Professor of 
Animal Physiology and runs three 
laboratories: two laboratories at 
Nagoya University, in the Graduate 
School of Bioagricultural Sciences 
and the Institute of Transformative 
Bio-Molecules (WPI-ITbM), and 
another at the National Institute for 
Basic Biology (NIBB) in Okazaki. 
In the laboratory at the Graduate 
School of Bioagricultural Sciences, he 
studies the underlying mechanisms of 
vertebrate seasonal reproduction and 
circadian rhythms using organisms 
such as tunicates, fish, birds, and 
mammals. Based on the findings in 
this laboratory, he is collaborating 
with cutting-edge synthetic chemists 
and theoreticians at WPI-ITbM 
to develop ‘transformative bio-
molecules’ that will improve animal 
production and human health. The 
NIBB is one of the host institutes for 
medaka bioresources of the National 
BioResource Project of Japan, and 
provides an excellent opportunity 
to study medaka fish as a model for 
seasonal biology. Dr Yoshimura is now 
studying the underlying mechanism 
of seasonal time measurement using 
medaka collected from a range of 
sites across Japan, because medaka 
from different latitudes exhibit 
different seasonal responses.
What turned you on to biology in 
the first place? I grew up in the 
countryside near Kyoto and spent 
a wonderful time in the middle of 
nature. I caught a lot of beetles, fish, 
frogs, lizards, and turtles from the 
wild, and also enjoyed breeding them. 
As with many Japanese children, 
my favorite book during childhood 
was Souvenirs entomologiques by 
the French entomologist Jean-Henri 
Fabre. I also liked books written by 
the Nobel laureate Karl von Frisch, 
who discovered the languages of the 
bees. I have always been attracted 
to the mysteries of animal behavior. 
After entering university, I decided to 
work on biological clocks. Although 
most animal behaviors appeared to be 
too complicated to understand at the 
molecular level, at that time we already 
Q & Ahad evidence that biological clocks are 
under genetic control.
Why do you deal with so many 
organisms? When I started my 
scientific career, I believed that 
Drosophila and mouse were the best 
model organisms for understanding 
various aspects of physiology and 
behavior, because a great deal of 
genetic information and genetic 
manipulation technologies were 
available in these organisms. However, 
I was very impressed by an elegant 
study by Professor Masakazu Konishi 
at Caltech, who used the owl as a 
model to uncover the mechanism of 
auditory localization. Prior to that time, 
I never thought of using this model, 
and Prof. Konishi’s work led me to 
recognize the importance of choosing 
appropriate model organisms. Since 
then, I have always tried to choose the 
best organisms for each of my studies. 
This idea is also known as Krogh’s 
principle: “for such a large number of 
problems there will be some animal 
of choice, or a few such animals, on 
which it can be most conveniently 
studied.” This is the reason why I 
am currently using a wide variety of 
species.
You demonstrated that rooster 
crowing is under the control of the 
circadian clock. How do you choose 
your research topics? Hot topics are 
indeed attractive, especially if one 
wants to receive big grants! However, 
because many people wish to study 
hot topics, these fields are extremely 
competitive. In addition, all of the 
Magazine
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topic will eventually be revealed by 
somebody. Therefore, I try to study 
what other people do not. One thing 
I try to keep in mind is whether my 
questions are of general interest. My 
major interest lies in the underlying 
mechanism of seasonality. Because 
research on this topic requires a long 
time, few people want to work on 
this topic. I used quail as a model 
because of their dramatic responses 
to photoperiodic changes. Currently, I 
am also interested in the mechanisms 
of innate vocalization. The chicken 
provides an excellent opportunity 
to address this question. During 
our molecular and genetic analysis 
of rooster crowing, we noticed that 
roosters crow about two hours before 
dawn. When I searched the existing 
literature, I found that nobody had 
investigated whether crowing is 
triggered by the internal circadian 
clock or external stimuli such as 
sunlight. This is one example but there 
are a lot of interesting questions that 
remain to be answered.
Do you think science should always 
be hypothesis driven? No. I feel that 
the hypothesis-driven approach has 
limitations. From my experience, 
when I hypothesize based on the 
existing literature, in most cases 
my hypotheses are wrong. I think 
human beings are not smart enough 
to predict the mysteries of every 
organism. Therefore, I always try to 
take a discovery-driven approach (e.g., 
systems biology and forward genetics). 
Organisms are using much cleverer 
strategies than we can imagine. I 
always feel awed by nature, and I enjoy 
learning from organisms; they always 
provide surprises, and consequently I 
really enjoy science. I think it is the joy 
and privilege of scientists to share the 
great mysteries of organisms with the 
public.
Do you feel a push towards more 
applied science? Yes. Due to the 
current worldwide economic problems, 
I feel that translational research is 
being more actively encouraged 
in many countries. I agree that 
translational research is important, 
and I am performing such work at 
WPI-ITbM. However, I believe that 
good translational research and 
breakthroughs often emerge from 
excellent basic research. Therefore, it is 
important to support a wide spectrum of basic research, even if those studies 
do not seem to contribute to applied 
science at all. This strategy is very 
important for fostering next-generation 
breakthroughs.
Do you believe there is a need 
for crosstalk between biological 
disciplines? Classical biological 
disciplines might still be important 
from an educational point of view. 
However, I feel that the classical 
interdisciplinary boundaries do not 
exist anymore in modern biological 
research. My scientific background is 
agriculture. However, because human 
beings are also animals, our findings 
contribute to the understanding of 
human physiology. Accordingly, I am 
often invited to give talks in various 
fields. I do not experience barriers 
between different biological disciplines 
at all. Moreover, these days I also 
enjoy discussions with chemists and 
theoreticians. Thus, I consider crosstalk 
between different disciplines to be 
quite normal.
Which historical scientist would you 
like to meet and what would you 
ask her/him? I would like to meet 
Spanish neuroscientist and Nobel 
laureate Santiago Ramón y Cajal, 
and hear about his struggles and 
excitement when he discovered that 
the neuronal cells are not continuous 
but contiguous. 
I am sure much more patience was 
required to be a scientist in Cajal’s time, 
when the modern devices we currently 
use were not yet available. State-of-
the-art techniques and devices have 
made huge contributions to modern 
science, and their importance is 
increasing. However, if one has unique 
ideas, these techniques and devices 
are not always necessary. Although we 
have cutting-edge microscopes in my 
laboratory, I love antique microscopes. 
In fact, I have several microscopes that 
are over 100 years old! (In the picture: 
Ernst Leitz 1902.) When I use these 
microscopes to look at a specimen, 
I can imagine and feel the passion of 
the pioneers of science. In any era, 
curiosity and passion are fundamental 
to science.
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What is microcephaly? Microcephaly 
is a clinical condition characterised 
as having a smaller brain than the 
mean for sex, age and ethnicity, 
with the occipito-frontal head 
circumference equal or less than –2 
of standard deviation. This measure 
is a surrogate for brain volume, but 
has proved useful and reliable as a 
clinical tool for decades.
What is autosomal recessive 
primary microcephaly (MCPH)? 
There are many different syndromes 
characterised by a smaller head 
at birth: MCPH is one of them. 
Unlike certain diseases that are 
characterised by microcephaly 
and brain malformations, like 
lissencephaly or Taybi-Linder 
syndrome, in most MCPH patients, 
the overall brain organisation is 
maintained. MCPH patients have mild 
to severe mental retardation. MCPH 
is a rare disease caused by recessive 
mutations in single genes and is most 
commonly found in populations with 
consanguineous marriages. 
Why is it only the brain size that 
is affected? This is the one million 
dollar question. The short answer 
is: we do not yet know. Brain size 
reduction is accompanied by overall 
growth defects in conditions such as 
Bloom syndrome and microcephalic 
osteodysplastic primordial dwarfism 
type II (MOPD-II), which demonstrates 
that certain mutations can affect 
whole body size.  However, in most 
MCPH families, only head size is 
affected. Neurogenic cell divisions 
in the brain are more frequent during 
embryonic development, although 
these divisions still take place in 
restricted regions postnatally and in 
adult brains. It is therefore possible 
that this contributes to the difference 
between the brain and other organs 
and body parts. Alternatively, and 
more likely, it is conceivable that 
the mutations that cause MCPH 
might predominantly affect neuronal 
progenitors and not other types of 
progenitors. In other words, dividing 
neuronal progenitors might be more 
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